Epidemiological data indicate that infertility is a problem of global proportions, affecting one-fifth of couples trying to conceive worldwide (60-80 mln). According to the trends observed, the problem is predicted to increase by another two million cases annually. In Poland, infertility-related issues are found in about 19% of couples, including 4% with infertility and 15% with limited fertility. Inability to conceive occurs equally in men and women (50%), irrespective of the direct cause. Although it is generally thought that reproductive issues concern women, infertility affects men and women equally. This study is an attempted to systematize knowledge about the role of the male factor in infertility, particularly current knowledge concerning the environmental factors of infertility. For this purpose, the Medline and CINAHL databases and the Cochrane Library was searched for articles published in English during the last 10 years, using the following keywords: infertility, male factor, semen examination and environmental factor of infertility.
INTRODUCTION
The first guidelines regarding examinations of semen quality were elaborated and published by the World Health Organization (WHO) in 1980. Since that time, they have been updated four times, with the latest and currently valid guidelines were published in 2010, which introduce numerous significant changes compared to the earlier WHO recommendations [1] . Epidemiological data indicate that infertility is a problem of global proportions affecting onefifth of couples trying to conceive worldwide. According to the trends observed, the problem is predicted to increase by another two million cases annually [2, 3] . In Poland, infertility-related issues are diagnosed in about 19% of couples, including 4% with infertility and 15% with limited fertility [4] . The inability to conceive occurs equally in men and women (50%), irrespective of the direct cause. Although it is generally thought that reproductive issues concern women, infertility affects men and women equally [3] .
OBJECTIVE
The presented study aimed at systematizing knowledge of the male factor of infertility, particularly current knowledge of the environmental factors of infertility. The Medline, CINAHL databases and the Cochrane Library were searched for articles published in English during the recent 10 years, using the following key words: infertility, male factor, semen examination and environmental factor of infertility.
The reference values suggested by the WHO in 2010 for individual parameters of semen, such as ejaculate volume and pH, sperm concentration, sperm count, viability, motility and morphology, were based on studies involving 4,500 men; the time to achieve pregnancy was also monitored. In the above studies, the reference group included men whose partners became pregnant during the period of 12 months or shorter. Based on the selected reference group, normal values of sperm parameters were determined [1, 5] .
There is a widespread opinion that body weight affects male fertility; however, scientific evidence confirming the above thesis is not convincing and there are no randomized studies investigating this issue. A study by Wise did not confirm any relationship between obesity in men and reduced fertility [6] . However, the most recent reports indicate a higher risk of sperm DNA damage in obese men and negative effects of obesity on semen parameters [7] . Moreover, possible effects of weight loss on improved male fertility have been considered [7] .
In women, the incidence of infertility increases with age [8] . Otherwise, there is no evidence that the age of men above 35 years significantly affects their fertility. According to Dunson, the percentage of couples observed for 12 cycles who did not spontaneously conceive was 18% when the male partner was 35 years old and 28% when 40 years old [9] .
The causal relationship between tobacco smoking and male fertility was not explicitly confirmed. However, there are some studies indicating that such a relationship exists. Smokers are characterised by decreased sperm count, on average by 23%, reduced mobility (by 13 %) and increased sperm DNA fragmentation, compared to non-smokers [10] . It is recommended to stop or cut down on tobacco smoking [11, 12] .
Increased consumption of caffeine by women (>500mg daily) is associated with reduced fertility. There are numerous studies indicating that caffeine is a potential cause of infertility in women, including those undergoing in vitro fertilization (IVF) [11] [12] [13] . The study by Klonoff-Cohen demonstrated that caffeine consumption by men did not affect the sperm quality, or course of IVF and health of newborns [14] . This thesis was confirmed in later studies [11, 15] .
Information regarding the effects of alcohol on fertility is divergent. On the one hand, there are data showing that intensive alcohol drinking can affect the fertility of men and women [16] . In men, consumption of alcohol can lead to atrophy of the testes, impotence, reduced libido and worse quality of sperm [16] . To date, one study has been found which analysed alcohol drinking by men and women as a primary risk factor of failures in assisted reproductive technology (ART) [17] . Based on the above data, the American Society for Reproductive Medicine (ASRM) recommends that couples should avoid excessive alcohol drinking (≥ 2 drinks a day) during attempts to conceive, although there are no conclusive data evidencing that alcohol drinking adversely affects fertility [12] .
Marihuana is the most commonly used recreational drug worldwide [18] . It contains various active ingredients, in particular cannabinoids, which act on the central and peripheral nervous system and impair the reproductive function at many levels. Cannabinoid receptors are located in many organs, including the reproductive system, e.g. the ovary, uterus, spermatic ducts and testes. In women, excessive use of marihuana decreases the level of luteinizing hormone (LH) [19] . In men, cannabinoids adversely affect spermatogenesis by modulating apoptosis of Sertoli cells and by reducing the production of testosterone by Leydig cells, which decreases the motility of sperm, inhibits its maturation and induces poor acrosome reaction [18, 19] .
Anabolic steroids are commonly abused. Their use has increased during the last four years, particularly in the male population to increase muscle strength and performance. Long-term use of these substances negatively affects male fertility. They inhibit the hypothalamic-pituitary-testicular axis, which results in reduced production of endogenous testosterone. This leads to erectile disorders and causes oligoand asthenozoospermia. The effects of anabolic steroids are reversible once their use is discontinued; however, it may take even a year to restore normal potency and sperm parameters [20] .
Stress-related sexual disorders undoubtedly affect reproductive failures. This issue is extremely complex. Stress affects the responses of the immune and hormonal system. The current study prove that stress can suppress reproductive functions, delaying menarche and inducing amenorrhoea, disorders of the hypothalamic-pituitary-ovarian axis and early menopause [21, 22] . Moreover, a positive correlation between adverse preconception events and conception failures was demonstrated [23] . Mental stress in men affects the quality of semen. Severe depression is associated with decreased levels of testosterone, thus affecting the quality of spermatogenesis [22, 24] . Psychological counselling is likely to reduce the level of stress of infertile couples, which can facilitate coping with this problem, improve the quality of life, enhance motivation for treatment and promote lifestyle changes (elimination of the factors mentioned above) [25] . However, it is not clear whether such interventions can improve the percentage of pregnancies. The study by Ramezanzadeh confirm the effects of reduced stress on procreation results, whereas a study by Hashemi did not confirm such effects [26, 27] . Hashemi, however, argues that psychological counselling is necessary to decrease anxiety in infertile couples to improve their quality of life.
Spermatogenesis occurs mostly at 37 °C ; therefore, overwarming of the testes has been implicated among numerous causes of infertility. Testicular over-warming leads to oligozoospermia. This process is reversible and men trying to conceive a child should consciously avoid this factor [7, 11] .
When infertile couples start to seek professional help, male factor infertility is diagnosed in 25 -50% of cases [2, 3] ; therefore, therapeutic decisions are made equally often due to female and male causes of infertility. In order to better understand the choice of a given male infertility treatment option, all causes of male infertility are divided into four groups: 1) idiopathic; 2) obstructive (extra-testicular) 3) primary (testicular); 4) secondary (pre-testicular) [2, 3, 28] .
According to various studies, idiopathic infertility occurs in from 10% even up to 50% of cases [2, 3, 28] . The cause of inability to conceive cannot be univocally determined and oligo-or/and astheno-or/and teratozoospermia are observed in men at normal concentrations of testosterone (T) and gonadotropins (FSH, LH); physical examinations do not reveal any pathology within the gonads. This type of infertility is likely to be related to emotional disturbances, which can be accompanied by depression, various sexual disorders and lack of sexual satisfaction [21, 22] . The available literature findings indicate that microelement deficiencies are essential in this type of infertility [29] [30] [31] [32] [33] .
Extra-testicular infertility is associated with impaired transport of sperm, inability to perform sexual intercourse, or ejaculation disturbances. The adverse effects of some drugs are implicated in this type of infertility. Extra-testicular infertility can result from post-operative complications and venereal diseases. Moreover, some systemic diseases, e.g. cystic fibrosis, cause this type of infertility associated with the obstruction and aplasia of spermatic ducts, defined as congenital bilateral aplasia of the vas deferens [2, 3, 28] .
Testicular infertility is a disorder at the level of Sertoli or/ and Leydig cells and is the major cause of male infertility. It can result from both congenital defects (chromosomal aberrations -Klinefelter syndrome) and acquired diseases and problems, e.g. varicoceles, spinal injuries, testicular cancer, inflammations, chemotherapy, radiation therapy, use of alcohol, cocaine, and some drugs (nitrofurantoin, sulfasalazine, colchicine) [34, 35] .
Pre-testicular infertility is caused by disorders of the hypothalamic-pituitary axis. It is most commonly induced by tumours, inflammations, trauma and vascular changes in the central nervous system. Moreover, pre-testicular infertility can be a symptom of endocrine, systemic or genetically conditioned diseases (Kallmann syndrome). Proper functioning of the hypothalamic-pituitary-testicular axis can also be impaired by some drugs, such as androgens (testosterone, anabolic steroids), high doses of corticosteroids, cyproterone or spironolactone. Pre-testicular infertility induces hypogonadotropic hypogonadism (HH), which affects 2% of infertile men. HH involves impaired secretion of folliculotropic hormone (FSH) and luteinizing hormone (LH), leading to the lack or insufficient stimulation of testes by both gonadotropins [36, 37] .
The therapeutic strategy in male infertility is dictated by time, costs and aetiology of male infertility. Assisted reproductive technology (ART) is relatively expensive and emotionally exhausting, yet can undoubtedly accelerate conception in the majority of male infertility types. In
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-----patients with limited fertility due to sexual disturbances, thus insufficient numbers of vaginal intercourses, the treatment of urogenital diseases which cause those disorders is usually effective. Men with retrograde ejaculation (to the urinary bladder) or lack of ejaculation (extra-testicular cause) should have their sperm collected from the urine or testes. In most cases, sperm from testes/epididymis are collected surgically (testicular sperm extraction/micro-testicular sperm extraction TESE/M-TESE); percutaneous epididymal sperm aspiration (PESA) can also be applied. The sperm collected in such a way are best for IVF, using intracytoplasmic sperm injection (ICSI) [38] . There are reports of successful attempts of conception with the sperm extracted from urine in patients with retrograde ejaculation after intra-uterine insemination (IUI) [39] . Retrograde ejaculation in cases caused by neuropathic changes can be treated conservatively (α-sympathicomimetics, e.g. ephedrine) or by physical stimulation (electro-ejaculation) [40] .
In cases of primary infertility due to testis defects, assisted reproductive techniques are the best and the only chance to conceive; the best therapeutic alternative for pretesticular infertility (hypogonadotropic hypogonadism) is the therapy with exogenous gonadotropins (FSH/LH) or drugs stimulating the secretion of endogenous gonadotropins [28, 35, 41] .
The widespread treatment of pre-testicular infertility involves substitutive therapy with gonadotropins, use of aromatase inhibitors and selective estrogen receptor modulators (SERMs) [28, 41] .
The best treatment effects in cases of infertility accompanied by hypogonadotropic hypogonadism are achieved with gonadotropin substitutive therapy. According to the literature data, optimal outcomes are observed when the treatment is continued for 9-10 weeks to complete all the stage of spermatogenesis. Substitutive therapy with gonadotropins can be applied to improve spermatogenesis in patients with low serum levels of gonadotropins and testosterone, as well as those with oligozoospermia [38] .
In patients with deficiency of gonadoliberins (gonadotropinreleasing hormone GnRH), as observed in the Kallmann syndrome, substitutive therapy with pulsatile administration of GnRH analogues can be used. The treatment is not widely available as it requires the use of a special personal pump administering the drug subcutaneously; moreover, this option is not effective in men with pituitary diseases. Exogenous administration of LH and FSH is most commonly used for substitutive therapy with gonadotropins. Androgens should be administered during the therapy. The treatment with LH should be preceded by administration of human chorionic gonadotropin (hCG), in a dose of 1,000-2,000 IU, subcutaneously, 2-3 times a week; lower doses of hCG (500-750 IU) are also effective [42] . Since in some men (particularly those with the pre-treatment volume of testes ≥ 8 cm3), spermatogenesis and fertility improve after administration of hCG alone, and considering the high costs of FSH, hCG is often administered in monotherapy for six months, testing the semen once a month. Men with deficiency of gonadotropins developing after pubescence can respond well to hCG monotherapy, whereas those with deficient gonadotropins before pubescence should always be provided with the therapy combining hCG and FSH [43] .
In men with idiopathic infertility, when oligozoospermia or azoospermia is observed, the treatment of choice is assisted reproductive technology (ART). The use of ART (including ICSI) leads to pregnancy in 40-45% of cases [44] . ICSI can be performed from ejaculate spermatozoa or sperm collected by TESE or M-TESE. In 60 % of cases of infertile men with azoospermia, a small amount of sperm can be obtained using the above-mentioned techniques and ICSI can be performed [44] . It should be remembered, however, that the use of ART is associated with the risk of multiple pregnancies; moreover, the percentages of chromosome aberrations in such embryos are higher.
The role of micro-element deficiencies in the pathogenesis of male infertility has been increasingly stressed, which particularly concerns idiopathic infertility and some forms of extra-testicular infertility. It has been demonstrated that dietary supplementation of microelements, such as L-carnitine, L-arginine, vitamin E, folic acid, zinc, selenium, glutathione or co-enzyme Q, can markedly improve sperm parameters, thus improving obstetric outcomes in these men [29] [30] [31] . The substances listed above have antioxidative properties, which proves that oxidative stress, i.e. imbalance between the action of reactive oxygen species in the body and the biological capacity of quick detoxication of reactive products of oxidation, can cause injuries to the majority of cell structures. Most high metabolism cells (including sperm) preserve the reductive environment by the activity of enzymes maintaining the state of reduction. Disturbances in the normal state of reduction can induce toxic effects through production of peroxides and free radicals causing oxidative damage to cell components, particularly to proteins, lipids and their genetic material [33, 45] . In male gametes, this not only decreases their number and motility but also adversely affects their structure and ability to fertilise the egg cell [33, 45] .
Although the aetiology of oligoasthenoteratozoospermia is poorly known, idiopathic reduction in fertility can be considered a disorder to which many factors contribute, including the genetic, environmental and lifestyle-related. Nutrition is essential for therapy. The majority of basic compounds required for DNA synthesis and spermatogenesis comes from dietary products; therefore, the concentration of nutrients can have a significant impact on the quality of sperm and ability to conceive [46] . Importantly, male infertility resulting from dietary deficiencies responds well to treatment and preventive supplementation. The multifaceted therapeutic approach to fertility improvement should recommend correction of dietary disproportions in order to support optimal production and quality of sperm [47] . There are studies demonstrating that the use of suitably prepared diet supplements containing the above-mentioned microelements for at least three months, substantially improved the quality of sperm (increased concentration and motility, improved morphological structure of sperm) [29] .
Most cases of extra-testicular (obstructive) male infertility require surgical interventions. Varicoceles management involves surgical treatment, including laparoscopic procedures, embolisation and laser obliteration [48, 49] . Available data demonstrate that the treatment of varicoceles results in satisfactory outcomes: improved quality of sperm is observed in 70-80% of men; however, there is a lack of improvement in 15-20% while deterioration occurs in about 5%. The procedures improve the quality of sperm. Moreover, in young men operative treatment prevents damage of the testis and maintains its normal functioning [50] .
